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Although shunt placement operations have been performed for more than 50 years, there are very few reports on how the surgery affects the patient's everyday life. The World Health Organization (WHO) released a standardized nomenclature to understand and describe people's health in 2001: the International Classification of Functioning, Disability and Health (ICF). It has its focus on the impact of the present condition rather than its cause and takes social aspects of disability into account. It consists of 2 lists of domains: a list of function and structure and a list of domains of activity and participation. 30 The patients' perceived quality of life and the burden experienced by caregivers are also important. Taking care of patients with disabilities is very stressful, and a lot of caregivers spend a substantial amount of time on informal care. 29 In one of few reports, Kazui et al. found that caregiver burden decreased after iNPH surgery, with improvement in patients' cognitive functions having the highest impact on the reduction of caregiver burden. 16 The aim of this study was to investigate the social impact of shunt surgery in iNPH patients, specifically changes in activities of daily living (ADL), participation, Improvement in social function and health-related quality of life after shunt surgery for idiopathic normal-pressure hydrocephalus autonomy, caregiver burden, and patient's health-related quality of life (HRQOL).
Methods

Patients
Thirty-seven patients with iNPH (median age 70 years, range 50-89 years) were examined by an occupational therapist (J.B.) before and 6 months after surgery ( Table 1) .
The inclusion criteria were a gradually developed gait and balance disturbance and/or mental deterioration and/or bladder disturbance according to the guidelines developed by Marmarou et al. 20 Enlarged ventricles with an Evans index > 0. 30 and evidence of an open aqueduct on MRI were also required. A lumbar puncture was performed in all cases, and the ICP was determined (< 18 mm Hg in all) and CSF specimens were collected for biomarker analyses. Patients with periventricular and deep white matter changes and lacunar infarction were included. The study was part of a multicenter trial to investigate the optimal pressure setting and all patients had an infusion manometric examination performed prior to surgery. Those who diagnosed the patients and those who made the clinical assessments discussed in this article were blinded to the results of the infusion measurements. Evaluation of function, ADL, participation, autonomy, HRQOL, and caregiver burden were only done locally.
Exclusion criteria were acute hydrocephalus, more than 1 cortical infarct, inability to participate in the tests or investigations, and restricted life expectancy or medical contraindications to surgery. Presence of antecedent causes of secondary NPH was also ground for exclusion.
All patients received a ventriculoperitoneal shunt with a Codman Hakim programmable valve with an antisiphon device.
Six of the 37 patients had home service prior to surgery. Five patients needed help with personal ADL and 23 needed help with instrumental ADL.
The study was approved by the regional ethics committee of Gothenburg, Sweden. Informed consent was obtained from the patient and/or family member.
Instruments
The iNPH scale developed by Hellström et al. measures symptoms and signs in 4 different domains: gait, cognition, continence, and balance. 13 The domain scores as well as the total score are between 0 and 100, where 100 represents absence of symptoms and 0 the most severe state. Improvement is defined as an increase of 5 or more points in the total score. Examination was performed by a physician, a physiotherapist, and a neuropsychologist at the iNPH unit of Sahlgrenska University Hospital.
Functional Independence Measure (FIM) is an ordinal scale measuring the severity of disability by rating how independently a patient can perform different activities in 2 main domains; one physical and one cognitive. The physical domain consists of 13 activities of different difficulty, ranging from eating to climbing stairs. The cognitive domain consists of 5 activities, including communication and social and cognitive ability in activities. Each activity is ranked from 1 to 7 (1 is total dependence and 7 total independence). The total score in each domain is presented. 18 Assessment of Motor and Process Skills (AMPS) is an observational evaluation method that measures a person's motor and processing ability while performing instrumental and personal ADL in a familiar environment. It consists of 16 ADL motor skill items and 20 ADL process skill items that the examiner rates (4 = competent, 3 = questionable, 2 = ineffective, 1 = deficit) across 2 ADL tasks. The raw scores are converted to linear motor scores and process scores using the many-faceted Rasch model. 9 Impact on Participation and Autonomy (IPA) is a patient-reported questionnaire for evaluation of participation and autonomy. It consists of 5 subscales: autonomy indoors (7 items), family role (7 items), autonomy outdoors (5 items), social life and relationship (7 items), and work and education (6 items). Each item is graded by the patient from 0 (very good) to 4 (very poor). 6 The EQ-5D (EuroQoL-5 Dimension health survey) is an instrument for measuring HRQOL. 28 It consists of a 5-dimensional questionnaire measuring mobility, selfcare, usual activities, pain/discomfort, and anxiety/depression. Every dimension can be scored using 3 levels: no problem, some or moderate problems, and extreme problems, corresponding to a score. This gives 243 different health status combinations that can be converted into an index value. The value is based on data generated from a national general public survey using the time-trade-off (TTO) method to elicit mean TTO values to each health state. Since there is no Swedish TTO tariff for EQ-5D health states, the UK EQ-5D index tariff was used. 24 EQ-5D also contains a visual analog scale (EQ-VAS) with which patients can rate their HRQOL from 0 to 100, where 0 is the worst imaginable health state and 100 the best imaginable health state. Improvement is defined as a gain of 0.05 index points or 10 points on EQ-VAS. The result was related to values for healthy individuals.
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The Caregiver Burden Scale (CBS) is a questionnaire with 22 questions about caregiver burden divided into 5 different categories: general strain (8 questions), isolation (3 questions), disappointment (5 questions), emotional involvement (3 questions), and environment (3 questions). Answers are scored from 0 to 3 (not at all, hardly, somewhat, and definitely). Each category score is presented as the mean of included questions. 7 Patients also filled out a questionnaire with questions on how many hours of help they need with ADL and whether they have home service or not.
Data Analysis
All statistical analyses were performed using IBM SPSS Statistics 21. Due to the ordinal nature of most of the outcome scales and the fact that the variables were not normally distributed, nonparametric methods were used. To determine if there was a difference between the scores on a certain scale before and after surgery, the Wilcoxon signed-ranks test was used. Values for change were calculated based on the cases for which both preoperative and postoperative data were available. To look for differences in outcome or changes between groups, the Mann-Whitney U-test or Kruskal-Wallis test was used. A correlation between 2 independent variables was investigated by using Spearman rank-order correlation test. The significance level was set to 0.05 and only correlations that were significant before and after surgery are reported, with the highest coefficient; p values were not adjusted for multiple comparisons, partly because of variations in sample sizes and partly to avoid Type II errors when the results displayed consistent patterns.
To be able to compare patients' HRQOL with values for the normal population, patients were divided into 4 different age groups (50-59, 60-69, 70-79 and 80+ years).
Results
Twenty-four (65%) of the patients showed improvement (> 5 points in total iNPH scale score) after surgery (p < 0.001) and 12 (32%) did not. One patient could not be properly evaluated, and this patient's condition was considered not improved. Gait and cognition improved significantly after surgery (p < 0.01 for both), while the domains balance and continence did not. The total iNPH scale score improved after surgery (p < 0.001) ( Table 2) .
Seven patients (19%) had complications during the first 6 months. In 3 cases, the complications could be managed conservatively (the patients had subdural hematomas that could be treated by temporarily increasing the opening pressure); in 4 cases surgical revision was required (for shunt dysfunction in 3 cases and infection in 1 case). All shunts were functioning at the 6-month evaluation.
Activities of Daily Living and Participation and Autonomy
The FIM score was high in both the physical and cognitive domains before surgery and improved after surgery (Fig. 1) . Thirty-five patients (95%) improved their independence in physical activities (p < 0.001) and 25 patients (68%) improved their independence in cognitive activities (p < 0.001) measured with FIM. Five patients became more dependent and 7 patients remained unchanged in cognitive activities after surgery ( Table 2) .
Twenty-five patients were evaluated with AMPS before and after surgery, and 21 (84%) of these 25 patients showed improvement in their motor skills (p < 0.001). Motor skills deteriorated in 3 patients and were unchanged in one. Processing skills improved in 20 patients (80%, p < 0.001), deteriorated in 2, and did not change in 3 ( Table 2 ).
Significant improvement was seen in all 5 IPA subscales after surgery ( Table 2 ). The work and education subscales were only relevant to 6 patients, 5 of whom reported their work situation as improved after surgery. Twenty-five patients (68%) reported improved autonomy indoors (7 reported deterioration), 25 (68%) reported improved family role (10 deterioration), and 20 (54%) reported improved autonomy outdoors (11 deterioration). Twenty-six patients (70%) reported improved social life and relationships, while 9 reported deterioration.
Most subscale scores of the 3 scales above correlated significantly with each other both before and after surgery (r values between 0.35 and 0.81). The perceived improvement in autonomy indoors correlated with improved independence in physical activities measured by FIM (r = 0.35), while increased autonomy and participation in social life correlated with increased independence in cognitive activities (r = 0.43) Improvement rate was not related to patient sex or age in any of the scales.
Caregiver Burden
Thirty-five patients (95%) had a caregiver at the time of surgery, and 31 caregivers (22 partners, 8 children, and 1 sister) completed the questionnaire before and after surgery. Eighty-two percent of the caregivers to male patients were the patients' partners compared with 50% of the caregivers to female patients. Of the 22 partner caregivers, 20 lived together with the patient. After surgery, the burden for caregivers to male patients was reduced in the categories isolation (p < 0.05) and environment (p < 0.01), while caregivers of female patients perceived no change in any of the 5 categories (Fig. 2) . At a group level, caregiver burden did not change significantly after surgery. No statistically significant differences were seen between partners and other caregivers. Caregivers who lived together with the patients experienced greater isolation than caregivers who lived apart from the patient (p < 0.05).
Low general burden correlated significantly with higher AMPS process skills and IPA autonomy outdoors both before and after surgery (r values between 0.38 and 0.61). Reduced general burden among caregivers to men correlated with improved autonomy indoors (r = 0.49) and reduced emotional burden correlated with improved autonomy indoors (r = 0.53) and outdoors (r = 0.66).
Health-Related Quality of Life
Health-related QOL was improved in 31 (86%) of 36 patients 6 months after surgery in either EQ-VAS or EQIndex (p < 0.001) ( Table 3) . In 19 cases, improvement was demonstrated in both EQ-VAS and EQ-Index, in 6 cases only in EQ-VAS, in 6 cases only in EQ-Index, and in 5 cases in neither of the two scales. No significant differences were seen between sex and age groups. The 7 patients with complications rated their HRQOL lower after surgery (median 59, range 15-80) than those without complications (median 84, range 45-100, p = 0.006). Three of the patients with complications had improved HRQOL after surgery, while it was reduced in 4. Fewer patients reported problems in mobility, self-care, usual activities of daily living, and anxiety/depression after treatment than before (Table 4) .
Before and after surgery EQ-VAS correlated to EQIndex (r = 0.61), FIM physical (r = 0.47), IPA autonomy indoors (r = 0.59), and IPA autonomy outdoors (r = 0.69). EQ-Index correlated besides EQ-VAS to FIM physical (r = 0.43), IPA autonomy indoors (r = 0.61), and IPA autonomy outdoors (r = 0.70).
Improved HRQOL, measured with EQ-VAS, correlated with reduced gait disturbances (r = 0.54), increased total iNPH-scale score (r = 0.38), and at trend level with reduced neuropsychological symptoms (r = 0.35, p = 0.054). Increased EQ-VAS also correlated with increased EQ-Index (r = 0.43), FIM physical (r = 0.40), and autonomy outdoors (r = -0.38). Improved EQ-Index correlated besides EQ-VAS with improved autonomy and participation in social life (r = -0.37). 
Discussion
HRQOL and Social Function
The essential result of this study is that there was an increase in iNPH patients' HRQOL after shunt surgery. An interesting finding was that iNPH patients perceived and reported their HRQOL nearly at the same level as an age-matched reference population in spite of persisting neurological and cognitive deficits.
11, 17 We measured HRQOL using 2 instruments, a self-reported visual analog scale and an objectively measured EQ-Index, which showed the same degree of improvement and a high inter-correlation, supporting the validity of the result. The HRQOL was reported/measured 6 months after surgery. This is important since it excludes a number of factors that have an impact on HRQOL immediately after surgery, such as happiness for having been successfully operated, relief of postoperative discomfort, the placebo effect of the operation, and gratitude toward the hospital staff. There were, however, fewer patients reporting problems with anxiety and depression after surgery, which can be an expression of the reduction of stress patients experience after getting diagnosed and treated for iNPH after having lived in uncertainty, in many cases for several years.
The multifaceted aspects of iNPH patients' health and disability were measured by well-validated scales in agreement with ICF recommendations covering function and structure and activity and participation. 30 All the instruments showed a very good interrelationship and improvement was statistically related to improved HRQOL. This supports the validity of the observed improvement and it also highlights the wide range of consequences the improvement has for patients' social life.
The FIM score was high in both the physical and cognitive domains before surgery, indicating that the patients had low dependency in most of the activities studied without treatment. However, small improvements after surgery measured by FIM can still be very valuable for patients, as decrease in dependence in just one activity, like dressing or locomotion, can improve HRQOL. The FIM domains are complex and many activity scores correlate, as many of the physical activities require cognitive skills such as understanding and planning.
It was interesting to note that 6 of 12 patients whose iNPH scale scores were unchanged after surgery did demonstrate postoperative improvement in HRQOL. The iNPH scale measures performance using specific physical and neuropsychological tests, such as walking 10 m, standing upright with the feet together, and tests of memory and processing speed, using an index score 13 that we found was related to HRQOL to a certain degree, specifically the gait domain. (Improvement in motor functions after shunting was also reported as important for patients by Toma et al. 27 ) Seemingly, however, there are aspects relevant to HRQOL that are not covered by the iNPH scale. Patients with iNPH often tell us that life is easier, things they see and hear appear clearer to them, and they feel more alert after shunt treatment. Such changes, being subjective and subtle, are difficult to capture with objective measures, but are probably, to some extent, captured by the self-reported EQ-VAS.
We have to remember that very few of those 80% who experience improvement after surgery, will show full recovery after surgery estimated by the iNPH scale. 12, 17 This study add the important information that most patients will show an improvement in performing ADL and will experience an improvement in participation and autonomy as well as better HRQOL after shunt surgery.
Caregiver Burden
The caregiver burden did not decrease significantly on the group level after shunt surgery. This is surprising in the light of the improvements in independence and autonomy. Our results differ from those of Kazui et al., who found a decreased total burden after treatment according to the Zarit Burden Interview (ZBI). 16 The difference could be due to differences in sensitivity between the 2 scales, but there is no validated Swedish version of ZBI.
That functional improvement after surgery did not affect caregivers' situations is supported by Lundin et al., who performed an actigraphy study and did not find any improvement in ambulatory activity and energy expenditure after surgery in spite of improved time-upand-go and gait speed. They speculated that the patients are caught in the role of being cared for and are not able or motivated to change their habits in spite of improved performance. 19 This can also be true for the caregivers; the slow development of iNPH symptoms, in many cases over several years, gives rise to very gradual changes in the roles of family members. At the time of surgery these new roles may well have become firmly established and may be perceived as the normal way of living.
Another explanation could be that the cognitive functions of the patients are most important for the caregiver burden, and the cognitive symptoms did not improve as much as gait symptoms. A correlation between cognitive symptoms and caregiver burden was found in the study by Kazui et al., 16 and we found the same result with our study, as processing skills correlated to level of burden.
Analyzing the data from relatives of male and female patients separately, however, we found a reduced burden in the former group. For this group, improvement in autonomy indoors and outdoors seemed especially important. Most of the male patients in this study had partners as caregivers, in contrast to the female patients, who had other relatives. It may seem reasonable to assume that partners would be more favored by improvements than other caregivers, but there was no difference in outcome between caregivers who lived together with the patient and those who did not.
Another explanation for the sex-related difference might be that traditionally female tasks like cleaning, cooking, and laundry are easier to hire someone else to do; this is even subsidized by the government in Sweden. The traditionally male tasks like managing finances, driving, and taking care of the car, and physically demanding tasks, are harder to hire someone to do and therefore have to be taken over by other family members during the male patient's illness.
Clinical Outcome and Study Design
The patients in this study are representative iNPH patients in our NPH unit except for the sex distribution, which is usually equal in iNPH studies. 17, 22, 23 We have no reason to believe that this is anything else than accidental. All patients were diagnosed based on clinical symptoms and MRI findings according to the guidelines and no supplementary tests were used for inclusion. We know from the European multicenter study 17 that the number of patients who experience improvement after shunt surgery, without using any supplementary test, is around 80%, similar to studies using such tests for inclusion. The severity of symptoms in this group was similar to groups in earlier studies using the iNPH scale. 13, 17 In these studies most of the patients presented with symptoms in all measured domains. The degree of improvement in motor and cognitive functions was expected, but, surprisingly, balance and continence did not improve after surgery, which differs from other studies. 2, 17 In some cases gait improved but balance did not, which is uncommon, as improvement in gait and balance normally correlate. 2, 13, 17 The improvement rate in the present study was lower than in the study by Klinge et al. but higher than in the guidelines, 21 referring to a review of studies that did not use any supplementary tests for patient selection, similar to our study. The complication rate was, however, lower than in the study by Klinge et al. Our rate was reported after 6 months and not after 1 year as in their study, 17 and the rates would probably have been more similar if we had followed our patients for a longer period of time. The complication rate in this study is nevertheless relatively high and slightly higher than the usual rate in our unit, which is around 10%. 8 From the patients' perspective, it is extremely important to keep the complication rate low, as the group of patients with complications also rated their HRQOL lower in our study. It is also important in a health economics view, since economic benefits of surgery can be eliminated by the costs of complications, especially in a short-term perspective.
The size of the sample, unfortunately, became smaller than was originally intended. This was due mainly to logistic problems, and we consider it a weakness of the study.
To our knowledge, this is the first study measuring the multifaceted aspects of health and disability in iNPH patients using the WHO's ICF classification as a guide when choosing instruments. 30 Another strength of our study is that all the evaluations before and after surgery were performed by the same occupational therapist to eliminate interevaluator differences. We made sure that all shunts were working at time of evaluation, and, in order to reflect the normal clinical situation, both patients with complications and nonresponders were included in the study. 
Conclusions
Shunt surgery improved iNPH patients' HRQOL almost to the level of an age-matched normal population, even in those cases in which no actual clinical improvement could be measured. Improvement after surgery is not restricted to symptoms and signs but also includes independence in ADL, motor and process skills, participation, and autonomy. Caregivers to male patients reported reduced isolation and a better home environment after surgery but no change was seen among caregivers on group level.
